A stable relaxation approximation for a transport equation with the di usive scaling is developed. The relaxation approximation leads in the small mean free path limit to the higher order di usion equation obtained from the asymptotic analysis of the transport equation.
Introduction
In the present short communication we develop a relaxation approximation for a transport equation with the di usive scaling. In 3] a relaxation approximation has been developed for kinetic equations with the Euler scaling. It has been used to stabilize higher order equations { the Burnett equations { obtained from the Chapman Enskog procedure. Here a relaxation approximation is developed for equations with the di usion scaling. The relaxation approximation leads in the limit to a higher order approximation (O( 4 )) of the transport equation. The approximations can be developed using an arbitrary number of moment equations. We consider systems with two and three equations. The procedure can be applied for a variety of other equations, for example, the radiative heat transfer equations.
2 Asymptotic analysis and higher order di usion equation
In this section, we describe the asymptotic analysis of the transport equa- 
The equation is stable due to the negative sign of the coe cent on the right hand side. It may be rewritten as
3 An unstable relaxation approximation A relaxation system for equation (2) can be derived using equations for the rst two moments: Considering the kinetic equation (1), using
and integrating we obtain
We close the equations using the above second order approximation of f to determine < 2 f >. Using the fact that f i has the same parity with respect to as i, we get (2) is an O( 4 ) approximation of the relaxation system (3). However, a straightforward Fourier analysis shows that the relaxation approximation (3) is unstable.
A stable relaxation approximation
The above relaxation approximation (3) can be stabilized in the following way: Using
we have as above (4) is a stable relaxation approximation for the transport equation (1) . The di usion equation (2) is an O( 4 ) approximation of the relaxation system.
Relaxation approximations with additional equations
The above procedure may be extended to more equations. We consider the transport equations (1), the two moments =< f >; q = 1 < f > as before and additionally the moment
Integrating we obtain Then the di usion equation (2) is a O( 4 ) approximation of (5).
6 The radiative heat transfer equations
The radiative heat transfer equations are written, see 4]: The equations are stable as before and are an approximation up to O( 4 ) of the corresponding higher order di usion equation.
